Approximately 2 million Japanese individuals are infected with hepatitis C virus and are at risk for cirrhosis, end-stage liver disease, and hepatocellular carcinoma. Patients in whom interferon (IFN)/ribavirin (RBV) therapy has failed remain at risk as effective therapeutic options are limited. This phase 2, randomized, open-label study evaluated an IFN-and RBV-free regimen of once-daily ombitasvir (ABT-267), an NS5A inhibitor, plus paritaprevir (ABT-450), an NS3/4A protease inhibitor dosed with ritonavir (paritaprevir/ritonavir), in pegylated IFN/RBV treatment-experienced Japanese patients with hepatitis C virus subtype 1b or genotype 2 infection. Patients without cirrhosis (aged 18-75 years) with subtype 1b infection received ombitasvir 25 mg plus paritaprevir/ritonavir 100/100 mg or 150/100 mg for 12 or 24 weeks; patients with genotype 2 infection received ombitasvir 25 mg plus paritaprevir/ritonavir 100/100 mg or 150/100 mg for 12 weeks. Sustained virologic response (SVR) at posttreatment week 24 (SVR 24 ) was the primary endpoint. Adverse events were collected throughout the study. One hundred ten patients received 1 dose of study medication. In the subtype 1b cohort, SVR 24 rates were high (88.9%-100%) regardless of paritaprevir dose or treatment duration. In the genotype 2 cohort, SVR 24 rates were 57.9% and 72.2% with 100 mg and 150 mg of paritaprevir, respectively. The SVR 24 rate was higher in patients with subtype 2a (90%) than 2b (27%). Concordance between SVR 12 and SVR 24 was 100%. The most common adverse events overall were nasopharyngitis (29%) and headache (14%). Conclusion: In this difficult-to-treat population of patients in whom prior pegylated IFN/RBV had failed, ombitasvir/paritaprevir/ritonavir demonstrated potent antiviral activity with a favorable safety profile among Japanese patients with hepatitis C virus genotype 1b or 2a infection. (HEPATOLOGY 2015;61:1523-1532 
C hronic hepatitis C viral (HCV) infection is a significant global health problem affecting approximately 170 million people worldwide and causing almost 500,000 deaths each year from HCV-related liver disease. 1 Phylogenetic studies suggest that the HCV epidemic was introduced in waves across the globe; HCV began to infect large numbers of Japanese youth in the 1920s, southern Europeans in the 1940s, and North Americans in the 1960s and 1970s. 2 Although HCV seroprevalence is similar among these geographic areas, the impact of HCVrelated morbidity and mortality has been highest among the Japanese population, where HCVassociated hepatocellular carcinoma rates are three-fold higher than in Italy and six-fold higher than in the United States. Of the 2 million Japanese patients who are seropositive, roughly 70% are infected with subtype 1b, 20% with subtype 2a, and the remainder with subtype 2b. 3 In contrast to the United States and many parts of Europe, only 1%-2.5% of Japanese patients carry subtype 1a. 4 Because the risk of HCV-related morbidity is clearly linked to duration of infection, there is an urgent need for potent therapeutic interventions among Japanese patients. Although the addition of the first-generation protease inhibitors telaprevir and boceprevir improved the overall efficacy rates of pegylated interferon (pegIFN) plus ribavirin (RBV) in patients with genotype 1 infection in the United States, Europe, Asia, and Japan, the adverse event (AE) profile was also additive. [5] [6] [7] [8] [9] In addition to the well-known side effects of IFN-based therapy, rash was seen in 50% of patients receiving telaprevir, and the risk of anemia increased significantly among patients who received either telaprevir or boceprevir. Although the protease inhibitor simeprevir was shown to be efficacious and better tolerated in Japanese patients with genotype 1 infection in combination with pegIFN/RBV, patients still experienced the AEs associated with an IFN-based therapeutic backbone, such as severe fatigue, depression, poor appetite, and weight loss. 10, 11 In addition, the effect of triple therapy on efficacy was blunted among those with a history of prior treatment failure with pegIFN/RBV therapy. For example, in Japanese patients with genotype 2 infection, the rate of sustained virologic response (SVR) with IFN-based regimens ranged from 64% and 82% in treatmentnaive patients [12] [13] [14] compared with only 40% in treatment-experienced patients. 12 Response also varied by subtype, with subtype 2a having higher SVR rates compared with subtype 2b. 12, 13 Combination therapy with direct-acting antiviral (DAA) agents with different mechanisms of action have demonstrated promising efficacy rates and favorable tolerability profiles in patients with HCV. [15] [16] [17] Ombitasvir (formerly ABT-267) is an HCV NS5A inhibitor dosed once daily. Paritaprevir (formerly ABT-450) is an HCV NS3/4A protease inhibitor that is administered with low-dose ritonavir (paritaprevir/ritonavir) to increase paritaprevir plasma levels and halflife, enabling once-daily dosing. 18 Both ombitasvir and paritaprevir have potent in vitro antiviral activity against multiple subtypes, including 1a, 1b, 2a, 2b, 3a, 4a, and 6a. 19, 20 In this study, we examined the efficacy and safety of an all-oral pegIFN-and RBV-free regimen of ombitasvir/paritaprevir/ritonavir in pegIFN/RBV treatment-experienced Japanese patients with HCV subtype 1b or genotype 2 without cirrhosis.
Patients and Methods
Study Design. This was a phase 2, randomized, open-label, parallel-arm, dose-and duration-finding study (ClinicalTrials.gov identifier NCT01672983) (Fig. 1) . The study was approved by all institutional review boards and conducted in accordance with the International Conference on Harmonisation guidelines and the Declaration of Helsinki. Written informed consent was obtained from all patients before enrollment.
Patient Population. Patients were enrolled from August 2012 to December 2012 at 18 sites in Japan. Eligible patients were adults (aged 18-75 years) with chronic HCV subtype 1b or genotype 2 infection and HCV RNA levels >10,000 IU/mL without cirrhosis who previously failed pegIFN/RBV therapy. The HCV genotype was assessed at screening using the Versant HCV Genotype Inno-LiPA Assay (LiPA, v. 2.0 or higher; Siemens Healthcare Diagnostics, Tarrytown, NY).
Patients with subtype 1b were eligible if they were null responders (i.e., did not achieve a 2 log 10 IU/mL reduction in HCV RNA levels at week 12 after at least 10 weeks of treatment with pegIFN/RBV) or partial responders (i.e., achieved at least a 2 log 10 IU/mL reduction in HCV RNA at week 12 after a minimum of 20 weeks of treatment with pegIFN/RBV but had HCV RNA levels above the lower limit of detection at the end of treatment). Patients with genotype 2 were eligible if they were null or partial responders or relapsers (i.e., patients with undetectable levels of HCV RNA at the end of at least one course of pegIFN/RBV and whose levels became detectable within 24 weeks after the end of that treatment). Patients with human immunodeficiency virus or hepatitis B virus coinfection or any cause of liver disease other than chronic HCV infection were excluded. Full inclusion and exclusion criteria are in Supporting Table 1 .
Study Medication. Patients with subtype 1b infection were randomized in a 1:1:1:1 ratio by interactive response technology to once-daily ombitasvir 25 mg plus paritaprevir/ritonavir 100/100 mg for 12 weeks, ombitasvir 25 mg plus paritaprevir/ritonavir 150/100 mg for 12 weeks, ombitasvir 25 mg plus paritaprevir/ritonavir 100/ 100 mg for 24 weeks, or ombitasvir 25 mg plus paritaprevir/ritonavir 150/100 mg for 24 weeks. Patients with genotype 2 infection were randomized in a 1:1 ratio to once-daily ombitasvir 25 mg plus paritaprevir/ritonavir 100/100 mg for 12 weeks or ombitasvir 25 mg plus paritaprevir/ritonavir 150/100 mg for 12 weeks (Fig. 1) . For each genotype, the randomization schedule was stratified by prior treatment response (null responders, partial responders for subtype 1b, and null responders, partial responders, and relapsers for genotype 2).
Efficacy. Plasma HCV RNA levels were determined by a central laboratory, using the COBAS TaqMan realtime reverse-transcriptase polymerase chain reaction assay 2.0 (Roche, Nutley, NJ), which has a lower limit of detection of 15 IU/mL for genotype 1 and 5.6 IU/mL for genotype 2 and a lower limit of quantitation (LLOQ) of 25 IU/mL for both genotypes.
The primary efficacy endpoint was the percentage of patients who achieved SVR (HCV RNA <25 IU/ mL) 24 weeks after the last dose of study drug (SVR 24 ). Secondary efficacy endpoints were the percentage of patients with SVR 12 weeks after the last dose of study drug (SVR 12 ) and the percentage of those patients with an end-of-treatment response (HCV RNA <25 IU/mL at week 12 for the 12-week treatment arms or at week 24 for the 24-week treatment arms). The percentage of patients with SVR 4 weeks after the last dose of study drug (SVR 4 ) and the percentage who achieved rapid virologic response (HCV RNA <25 IU/mL at treatment week 4) were also determined.
On-treatment virologic failure included rebound (two consecutive HCV RNA measurements greater than or equal to LLOQ after achieving HCV RNA † Patients who achieved a 2 log 10 IU/mL reduction in HCV RNA at week 12 after 20 weeks of pegIFN/RBV but had HCV RNA levels above the lower limit of detection at treatment end.
‡ Patients with undetectable levels of HCV RNA after one or more courses of pegIFN/RBV treatment who had detectable HCV RNA within 24 weeks.
§ Dose: 25 mg QD. Abbreviations: OBV, ombitasvir; PTV, paritaprevir; QD, once daily; r, ritonavir.
levels less than LLOQ during treatment or an increase in HCV RNA levels >1 log 10 IU/mL from nadir in two consecutive measurements at any time point during treatment) or failure to suppress (all on-treatment HCV RNA values LLOQ) with at least 6 weeks of treatment. Relapse was defined as two consecutive HCV RNA measurements greater than or equal to LLOQ between the final treatment visit and posttreatment week 24 and included patients who completed treatment (at least 77 days of study drug for the 12-week arms and at least 161 days of study drug for the 24-week arms) and had HCV RNA levels less than LLOQ at the final treatment visit.
Because of known limitations of the LiPA 2.0 assay (i.e., an inability to universally determine subtypes for genotype 2 virus), a 329-nucleotide region of HCV NS5B in baseline samples from all patients with genotype 2 infection was sequenced and used to perform a phylogenetic analysis. 21 All efficacy and safety analyses by HCV genotype were based on the LiPA 2.0 assay unless otherwise stated. Patients with virologic failure had resistanceassociated variants determined for HCV NS3/4A and NS5A at baseline and at the time of failure by population nucleotide sequencing. Translated amino acid sequences were used to identify resistance-associated variants.
Safety. At each study visit AEs were evaluated. Data on serious AEs (SAEs) were collected throughout the study period. Data on nonserious AEs were collected during the treatment-emergent period: from study drug initiation to 30 days after treatment cessation. All AEs were coded using the Medical Dictionary for Regulatory Activities. Data on treatment-emergent AEs are reported.
Statistical Analyses. A minimum of 96 subjects (16 subjects per treatment arm) and no more than 120 subjects (20 subjects per arm) were planned to be enrolled. A sample size of 16 patients per treatment arm would provide a two-sided 95% confidence interval (CI) of 54.4%-96.0% using binomial exact methodology, assuming an observed SVR 24 rate of 80%. All randomized patients who received at least one dose of study drug were included in the intent-to-treat and safety populations. Analyses of rapid virologic response, end-of-treatment response, and all SVR endpoints were performed on the intent-to-treat population. A two-sided 95% binomial exact CI was calculated for the SVR 24 rate for each treatment regimen. The effects of treatment duration and paritaprevir dose on SVR 24 in the subtype 1b cohort were assessed using the stratum-adjusted Mantel-Haenszel method, with adjustment for treatment duration (when testing for paritaprevir dose), paritaprevir dose (when testing for treatment duration), and prior treatment response (null response, partial response). In the genotype 2 cohort, the effect of paritaprevir dose on SVR 24 rate was evaluated using the Fisher exact test. The SVR 24 rates and corresponding 95% exact binomial CIs were calculated within subgroups based on prior HCV treatment response and, for the genotype 2 cohort, HCV subtype determined by LiPA 2.0 and phylogenetic analysis. All statistical tests and CIs were twosided, with a significance level of 0.05. Additional details of the statistical analysis of the primary endpoint are available in the Supporting Information.
Results
Patient Characteristics. Of 144 patients screened, 110 (subtype 1b, n 5 73; genotype 2, n 5 37) were randomized and received at least one dose of study medication (Fig. 2) . Baseline characteristics are presented in Table 1 . Among all patients combined, 46.4% were male, the mean age was 59.2 years, and the mean body mass index was 23.6 kg/m 2 . Most patients in the subtype 1b cohort were null responders (66.7%-72.2%), whereas patients who relapsed were predominant in the genotype 2 cohort (89.5%-94.4%). The phylogenetic analysis identified 20 patients with subtype 2a and 15 patients with subtype 2b infection. In addition, two patients initially identified as having genotype 2 based on the LiPA 2.0 assay were identified as having subtype 1b based on phylogenetic analysis (Supporting Table 2 ). A sensitivity analysis of SVR 24 , which was performed using HCV genotype assignments as determined by phylogenetic analysis, yielded SVR 24 rates that were similar to those using the LiPA 2.0 assay. Therefore, the two patients initially identified as having genotype 2 did not affect the overall results in patients with subtype 1b.
Virologic Response. On-and posttreatment virology results for patients with subtype 1b and genotype 2 infection are shown in Fig. 3A and B, respectively. Patients with subtype 1b had SVR 24 rates of 88.9%-100% in the 100-mg paritaprevir dosing arm and the 150-mg paritaprevir dosing arm, respectively. Two subtype 1b patients (both of whom received paritaprevir/ ritonavir 150/100 mg for 12 weeks) did not achieve SVR 24 ; one relapsed at posttreatment week 2, and one discontinued study treatment due to an AE. No significant differences in SVR 24 In patients with genotype 2 infection, overall SVR 24 rates were 72.2% with paritaprevir/ritonavir 150/ 100 mg and 57.9% with paritaprevir/ritonavir 100/ 100 mg (Fig. 3B) . Reasons for not achieving SVR 24 were on-treatment failure (paritaprevir/ritonavir 100/ 100 mg arm: n 5 7/19, 36.8%; paritaprevir/ritonavir 150/100 mg arm: n 5 3/18, 16.7%) and relapse by posttreatment week 24 (paritaprevir/ritonavir 100/ 100 mg arm: n 5 1/12, 8.3%; paritaprevir/ritonavir 150/100 mg arm: n 5 2/15, 13.3%). All partial responders (3/3) achieved SVR 24 ; the SVR 24 rate in relapsers was 62% (21/34) ( Table 2) . By phylogenetic analysis, the SVR 24 rate was higher in patients with subtype 2a (n 5 18/20, 90%) than 2b (n 5 4/15, 27%) (Supporting Table 2 , Fig. 3C ).
Complete concordance (100%) was observed between SVR 12 and SVR 24 . Further, all patients who achieved SVR 24 maintained the response throughout the follow-up period (posttreatment week 48).
Virologic Failure. No patient with subtype 1b infection had on-treatment virologic failure; one patient experienced posttreatment relapse. The patient who relapsed had resistance-associated variants (RAVs) in NS3 (D168V) and NS5A (Y93H) at the time of virologic failure. The NS5A RAV, Y93H, was present at baseline in four patients with subtype 1b infection; all achieved SVR 24 . In patients with genotype 2 infection, on-treatment virologic failure was more frequent in those who received paritaprevir/ritonavir 100/ 100 mg (36.8% [7/19] (2/20 [10%]). All genotype 2 patients with virologic failure had RAVs in NS3 and/or NS5A at the time of virologic failure, most commonly D168V or D168Y in NS3 and L28F in NS5A. The presence of RAVs in NS3 and NS5A at baseline did not impact response.
Safety. Rates of any reported treatment-emergent AEs were similar across treatment arms (73.7%-88.9%) ( Table 3, Supporting Table 3) , and most were mild in severity. The most common treatmentemergent AEs were nasopharyngitis (29.1%) and headache (13.6%) ( Table 3) . Five SAEs (n 5 5/110, 4.5%) were reported: autoimmune hepatitis, fluid retention, femoral fracture, tibia fracture, and ischemic colitis. Autoimmune hepatitis and fluid retention were considered by the investigator as having a reasonable possibility of being treatment-related. One patient (n 5 1/110, 0.9%) discontinued study drug because of an SAE of fluid retention. There were no grade 3 or 4 abnormalities in hemoglobin, alkaline phosphatase, or total bilirubin during treatment (Supporting Table 4 ). Two patients experienced grade 3 alterations in liver enzymes. One patient experienced a grade 3 alanine aminotransferase level at day 156. This patient was retrospectively found to have laboratory values at screening and baseline suggestive of previously undiagnosed autoimmune disease. Another patient, who had a grade 3 aspartate aminotransferase level (206 IU/mL) at baseline, experienced a grade 3 aspartate aminotransferase level of 171 U/L on day 7. Both patients were asymptomatic, completed treatment, and achieved SVR 24 . One patient (1/110, 0.9%) experienced a grade 2 abnormality in hemoglobin, and two patients (2/110, 1.8%) experienced a grade 2 abnormality in bilirubin during treatment. The grade 2 bilirubin abnormality was not associated with an increase in transaminase, peaked within the first 2 weeks of treatment, and resolved spontaneously with continuation of treatment.
Discussion
Patients with HCV infection who have a history of prior IFN/RBV treatment failure are a difficult-to-treat population, particularly those who are prior null responders. In this randomized phase 2 study of an IFNand RBV-free regimen of ombitasvir/paritaprevir/ritonavir in pegIFN/RBV treatment-experienced Japanese patients, high SVR rates were observed in patients with HCV subtype 1b infection, regardless of paritaprevir dose or treatment duration. Among patients with genotype 2 infection, SVR rates were higher in those receiving paritaprevir 150 mg and those with subtype 2a infection. Together, these results show promising antiviral activity for this all-oral 2 DAA combination regimen.
These results, in previously treated Japanese patients with HCV subtype 1b, compare favorably with published reports of other IFN-free and RBV-free regimens and IFN-free, RBV-containing regimens in treatment-experienced non-Japanese populations with genotype 1 infection. Among 12-week treatment regimens that contained two DAAs alone or in combination with RBV, SVR 12 rates were 82% with daclatasvir/asunaprevir in null responders or those who were intolerant of IFN 22 and between 94% and 96% with sofosbuvir plus ledipasvir in treatmentexperienced patients. 23 In addition, SVR 12 rates with sofosbuvir/ledipasvir were lower in patients with subtype 1b infection versus those with 1a infection. In trials evaluating regimens of the three DAAs ombitasvir/ paritaprevir/ritonavir and dasabuvir with or without RBV, SVR 12 rates of between 96.6% and 100% were achieved in patient populations with HCV genotype 1b infection. 15, 17, [24] [25] [26] Rates of SVR 12 with ombitasvir/paritaprevir/ritonavir and dasabuvir were not greatly influenced by prior IFN-treatment response 17, 24 but were slightly higher in patients with HCV subtype 1b versus 1a infection. 15, 17, 25, 26 The efficacy of IFN-free DAA regimens has also been studied in genotype 2 patients. In the POSI-TRON trial, 92% of patients without cirrhosis but with genotype 2 HCV infection for whom IFN treatment was not an option achieved SVR 12 after 12 weeks of treatment with sofosbuvir plus RBV. 27 In the FUSION trial, a similar SVR 12 rate (96%) was achieved in treatment-experienced patients, most of whom were prior relapsers. 27 In the VALENCE trial, an SVR 12 rate of 93% was observed with a 12-week sofosbuvir plus RBV regimen. The percentage of patients with HCV genotype 2 infection who achieved SVR 12 was high in treatment-experienced (approximately 90%) and treatment-naive (approximately 98%) patients. Unfortunately, this study did not evaluate SVR rates by subgenotype or response to prior IFN therapy. 28 In the current study of treatment-experienced patients with genotype 2 infection, response rates ranged from 100% in partial responders to 52.9%-70.6% among relapsers and were greater with paritaprevir 150 mg and among patients with subtype 2a infection. These differences in response rates for genotype 2 may be related to NS3/ 4A or NS5A polymorphisms between subtypes 2a and 2b. In a small study performed in the United States, high SVR rates were achieved with ombitasvir/paritaprevir/ritonavir when combined with RBV (eight of 10 patients) and without RBV (six of 10 patients) among treatment-naive patients with HCV genotype 2. 29 Although the data set is limited, this small study suggests that RBV may offer additional benefit in patients with genotype 2 infection.
This study also indicates that the safety and tolerability of the ombitasvir/paritaprevir/ritonavir combination regimen compare favorably to pegIFN-based therapy and are similar to other IFN-free regimens. No grade 3 or 4 abnormalities in hemoglobin, alkaline phosphatase, or total bilirubin were observed. Although the mean age of the study population was 59.2 years, clinically significant reductions in hemoglobin were observed in only one patient (0.9%). Transient grade 2 increases in bilirubin were observed infrequently during the first 2 weeks of treatment, were not accompanied by alanine aminotransferase elevations, and improved with continuation of treatment. These results are consistent with the known class effect of HCV protease inhibitors on the bilirubin transporter organic anion-transporting protein B1. 24 The strengths of this study are that it was conducted in a recognized difficult-to-treat patient population and that the study population was representative of patients with HCV infection in Japan. 30 However, there were some limitations, such as the exclusion of patients with cirrhosis and the relatively small number of patients in each treatment arm, which limits the ability to assess differences in treatment response between subgroups.
In conclusion, in light of the promising results of this phase 2b study and recent results from studies in Western patients with HCV genotype 1 infection, 16, 24, 25, 31 future trials should be undertaken to evaluate the efficacy and safety of ombitasvir 25 mg plus paritaprevir/ritonavir 150/100 mg in treatment-naive and treatment-experienced Japanese patients with HCV infection, with and without compensated cirrhosis.
